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Abstract. 

We report a detailed analysis of the coronal abundance of 4 stars with varying levels of activity and with accurately known 
photospheric abundances. The coronal abundance is determined here using a line flux analysis and a full determination of the 
differential emission measure. Photospheric abundance values are taken from literature works. Previous coronal abundance 
determinations have generally been compared to solar photospheric abundances; from this a number of general properties have 
been inferred, such as the presence of a coronal metal depletion with an inverse First Ionization Potential correlated with activity 
level. Here we show that, when coronal abundances are compared with real photospheric values for the individual stars, the 
resulting pattern can be very different. Also, we present evidence that, in some cases, the coronal metal abundance may not be 
uniform in the corona; in particular it can vary with the temperature of the emitting plasma. 
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1. Introduction 

, Foll owing the in itial results from the ASCA-SIS instrument 

■ (e.g. lWhite et'anfl994: iDrake^ .1996.) . which showed that the 
, low-resolution X-ray spectra of active coronal sources where 

often best fit with a low metal abundance (typically about 0.3 
the solar photospheric abundance) the issue of the metal abun- 
dance of the coronal plasma has become one of the main ar- 
eas of interest for X-ray spectroscopy of active stars. Due to 

■ the limited spectral resolution of the ASCA spectra, the de- 
termination of ab undance for elements o ther than Fe was of- 
ten not accurate (Favata & Micela, 2003). The availability of 
the XMM-Newton and Chandra high-resolution X-ray spectra 
of coronal sources has allowed to observe individual, resolved 
spectral lines of a number of elements in the corona of active 
stars, and thus to address the issue of the abundance of a num- 
ber of elements. Unfortunately up to now the results have not 
been as conclusive as initially expected. One reason is that of- 
ten the same data analyzed with different approaches result in 
significantly different v alue for the elements abundances (see 
iFavata & Mi^ceiaLl2003l for a number of examples). 

One of the issues most often addressed by coronal abun- 
dance studies is whether a bias with the First Ionization 
Potential (FIP) of the element is present. Such "FIP effect" is 
found in the solar corona, where the abundance of elements 
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with low FIP (< 10 eV; e.g. Mg, Si, Fe) is observed to be en- 
hanced, in the corona, with respect to their photospheric val- 
ues, while elements with high FIP (^ 10 eV; e.g. O, Ne, Ar) 
remain at abundances similar to the photospheric values. Such 
behavior is observed in the upper solar atmosphere at temper- 
atures higher than ~ I MK, both in the non-active regions and 
in full-disk spectra (La ming et all Il995t iFeldma n & Lamiii3 
■2000,) . EUVE observations showed the same FIP bias to be 
present in st ars with Io\y activi ty levels, such as a Cen AB 
(G2V-HK1V, brake et al.[ Il997h . and possibly (only limited 
knowledge of their photos pheric abundance was a vailable at 
that ti me) f Boo A (GSV, iLaming & Dr^ 1 19991) and e Eri 
(K2V, Laming et al., 1996). EUVE spectra of more active stars 
did not show any FIP effect, with however a rather low coronal 
Fe abundance with respect to the solar photosphere, which sug- 
gested some metal depletion in the corona of the active stars. 
iFeldman & Laming (2000) review some of the results on so- 
lar and stellar coronal abundances previous to Chandra and 
XMM-Newton. 

The new generation of X-ray satellites XMM-Newton and 
Chandra offers access to high resolution spectra in a wave- 
length region where numerous spectral lines from different ele- 
ments are formed at coronal temperatures. This permits to mea- 
sure the fluxes of individual lines, in principle allowing a much 
better determination of the coronal thermal structure and abun- 
dances. Initial results on coronal abundances determined from 
data from the two observatories have been reviewed bv .Drakd 
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Table 1. Observation log 



Object 


HD# 


SpT 


Instrument 


^^(A) 


'cxp (ks) 


Date 


d(pc) 








Procyon 


61421 


F5IV 


ChandrafLETG 


3-175 


69.6 


6 Nov 1999 


3.50 


8.89E27 


3.39E-7 


9.41E26 


Procyon 


61421 


F5IV 


ChandrafLETG 


3-175 


69.7 


7 Nov 1999 










6 Eri 


22049 


K2V 


ChandrafhETG 


3-175 


105.3 


21 Mar 2001 


3.22 


1.79E28 


1.42E-5 


9.65E27 


i And 


222107 


G8III/? 


ChandrafBETG 


1.7-27 


81.9 


17 Dec 1999 


25.8 


2.74E30 


3.25E-5 


1.73E30 


V851 Cen 


119285 


K2IV-III/? 


XMM/RGS 


4-38 


29.2 


7 Mar 2003 


76.2 


6.46E30 


3.01E-4 


4.47E30 



Note: Distances (d) from lPerrvman et alj fl99^ . Lx (erg s"') in the range 5-100 A (0.12-2.4 keV), the range covered by the ROSAT/PSPC. 
L'^ (erg s ') in the range 6-20 A (0.62-2.1 keV), common to RGS, HETGS and LETGS. 



(I2OO2I) and lFavata&Micelal (l2003h . These new results seem 
to point towards a scenario with stars with low activity levels 
showing, when their coronal and photospheric abundances are 
comp ared, a solar-like FIP effect ( case of a Cen, Raassen et all 
l2003b or no FIP bias (for Procvon. lRaassen et aI.Ll2002l) . Active 
stars (like HR 1099, II Peg, AR Lac or AB Dor), with a 
quite different coronal thermal structure, dominated by material 
emitting at temperatures of ~ 10 MK, show a pattern charac- 
terized by a general depletion of elements with low FIP (when 
they are compared with solar photospheric values) while the 
elements with high FIP remain at solar (or sometimes higher) 
photospheric values ( Drake et al., 2001; Brinkman et al., 2001; 
iHuenemoerder ^ i200l[ i200i fSanz-Forcada et al 1 12003l3) 
although photospheric abundances of other elements than Fe 
are not known for HR 1099. Audard et al. (2003) analyzed 
XMM-Newton observations of 5 active binary systems, con- 
cluding that low-FIP elements are subject to larger deple- 
tion in more active stars, while high-FIP elements remain at 
similar levels (although photospheric abundances were avail- 
able only for one of the objects in their sample, namely 
A And). In general, the comparison of stellar coronal abun- 
dances with solar photospheric values is of little use, given 
the wide range of abundances found among late type stars 
(e.g. Cavrel de Strobel et al. , 2001 ). Most of the stars for which 
coronal abundances have been determined have no published 
photospheric abundances, so that a true test of e.g. FlP-related 
effects cannot be done. This is specially true for active stars, for 
which the large rotational velocity complicates the measure- 
ments of photospheric abundances. In most cases the available 
photospheric abundances are limited to Fe (e.g. Randich et al., 
1 19931) . and even these in many cases are likely to be affected 
by systematic errors. Moreover, different methods to determine 
the distribution of material with temperature in the corona (the 
so called "emission measure distribution", EMD) sometimes 
produce contradictory results, depending on the analysis tech- 
nique employed (Favata & Micela, 2003; Sanz-Forcada et al., 
r2003bll . 

In present work we determine the coronal thermal structure 
and abundances of four stars with different activity levels (in 
terms of Lx/L^oi) observed with relatively high statistics with 
Chandra and XMM-Newton (see Table[0, and for which there 
are accurate photospheric abundances measurements available, 
with the aim to explore the relation between activity levels 
and coronal relative abundance patterns. The chosen stars are 
Procyon (one of the stars with lowest Lx/Lboi values), the inter- 



mediate activity star e Eri, the long-period active binary A And 
and the active binary V851 Cen. These four objects are among 
the few stars for which both high-resolution coronal spectra 
with good statistics, and measurements of photospheric abun- 
dances for several elements, are available. 

The observations are described in Sect. 2, while a brief de- 
scription of the analysis techniques is presented in Sect.|3 The 
scientific results for each of the star are discussed in Sect. |4] 
followed by the discussion and conclusions in Sect.|5] 

2. Observations 

We have analyzed observations conducted using different X- 
ray high-resolution spectrographs; however, the spectral lines 
observed in the different spectra are formed in very similar tem- 
perature ranges (Iogr[K] ~ 5.5-7.8), hence yielding informa- 
tion of the same region of the corona (see Sect.^}- The X-ray 
luminosity of the targets has been calculated by modeling the 
observed spectra, as listed in Tabled 

2.1. V851 Cen 

An XMM-A^ewfon observation of V851 Cen was awarded 
to us (P.I. F. Favata) in AO-1, and was executed in March 
2003 (Table XMM-Newton carries out simultaneous ob- 
servation with the EPIC (European Imaging Photon Camera) 
PN and MOS detectors (sensitivity range 0.15-15 keV and 
0.2-10 keV respecti vely), and with the R GS (Reflection 
Grating Spectrometer, 'den Herder et al.', '200 1") (AA -6-38 A, 
A/AA ~100-500). The RGS data have been reduced employing 
the standard SAS (Science Analysis Software) version 5.4.1 
packages, removing in the RGS spectra the time intervals when 
the background was higher than 0.4 cts/s in CCD #9, in order 
to ensure a "clean" spectrum. Light curves were obtained by 
selecting a circle centered on the source in the EPIC-pn and 
EPIC-MOS images, and subtracting the background count rate 
taken from a nearby area. The light curve shows a slow decline 
(~ 20%) of the source flux (Fig. 0. High resolution spectra 
corresponding to the first and second orders of the RGS have 
been used to measure the line fluxes simultaneously, improv- 
ing the quality of the measurements. Fluxes measured for sec- 
ond o rder lines are in good agree ment with those in the first 
order JSanz-Forcada et all l2003bl) . hence they can be used to 
improve the quality of the measurements due to their better 
spectral resolution. 
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Fig. 1. Light curves of Procyon (LETGS), e Eri (LETGS), A And (HETGS) and V851 Cen (XMM/MOS 2) with l-cr eiTor bars. 
The upper axis reports the photometric phase (e Eri) and orbital phase {A And and V85 1 Cen, with Tq corresponding to secondary 
star located behind the primary star). 



2.2. A And 

An observation with the Cha ndra High Energy Tran smission 
Grating Spectrograph (HETG. IWeisskopf et alll2002h of .1 And 
was retrieved from the Chandra archive (TableQJ. The HETGS 
is made of two gratings, HEG (High Energy Grating, AA ~1.7- 
15, A/AA -65-1070), and MEG (Medium Energy Grating 
AA ~3-27, A/AA ~80-970) operating simultaneously. Standard 
reduction tasks from the CI AO v2.3 package have been em- 
ployed in the reduction of data and the extraction of the HEG 
and MEG spectra. The light curve of A And, obtained from the 
MEG and HEG first orders spectra, show no significant events, 
with variations of less than a 20% of the total flux (Fig.Q. 

2.3. Procyon and e Eri 

Observations with the Chandra Low Energy Transmission 
Grating Spec trograph (LET GS, AA -3-175, A/AA -60- 
1000 Weissk opf et all l2002i) and the High Resolution Camera 
(HRC-S) of Procyon and e Eri were retrieved from the Chandra 
archive as listed in Tabled] Data were reduced using standard 
reduction tasks present in the CIAO v2.3 package. The pos- 
itive and negative spectral orders were summed for the fluxes 
measurement, although at long wavelengths (^ 40 A) separated 
measurements were made in the plus and minus spectra due to 
problems with wavelength calibration or detector gaps. Lines 
formed in the first dispersion order, but contaminated with con- 



tribution from higher dispersion orders, were not employed in 
the analysis. The two observations available for Procyon were 
summed in order to achieve better statistics, resulting in an ex- 
posure time of 139 ks. Finally, light curves were obtained from 
the LEG spectra (first and higher orders) of Procyon and e Eri 
as shown in Fig.^ 

3. Data analysis 

X-ray spectra from stellar coronae have numerous lines from 
different elements formed at different temperatures. This vari- 
ety of temperatures in the lines formation makes necessary to 
determine in detail the thermal structure of the target star, com- 
monly parameterized through the emission measure distribu- 
tion (EMD) as a function of temperature, defined as EM{T) = 
j^^ NnNedV [cm"-']. In the present work we apply a line-based 
method in order to reconstruct the EMD of the stellar coro- 
nae (thisjn£thodj^_grefejTC the global fitting techniques, 
see ISanz-Forcada et all l2003bl) . with a step in temperature of 
0.1 dex, the same as employed in the Astrophysical Plasma 
Emission Database (APED vl.3. Smith et aL..2001.,) . which is 
used for comparison of the observed with the predicted line 
fluxes as explained below. 

The EMD reconstruction was conducted by measuring the 
fluxes from spect ral Unes present in the high resolution X-ray 
spectra, following Sanz-Forcada et al. '('2003bV The Interactive 
Spectral Interpretation System (ISIS, .Houck & DenicolS 
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Fig. 2. Element abundances in the corona of Procyon, e Eri, A And and V85 1 Cen (filled circles) with respect to solar photo- 
spheric values. Open diar nonds represent the stellar p hotospheric abundances (see text). A dashed line indicates the adopted solar 
photospheric abundance jAnders & Grevess3.ll989l) . 



I2OO0I) software package, provided by the MIT/CXC, was 
employed to measure the line fluxes, through convolution 
of the spectral response. These measured line fluxes were 
then corrected from interstellar medium absorption (ISM) (al- 
though such correction is important only for very few lines). 
Theoretical fluxes can be predicted by assuming an initial EMD 
which is combined with the emissivity functions of the differ- 
ent spectral lines. These fluxes are then compared with the ob- 
served fluxes, and the EMD is changed to determine a solution 
that shows a better agreement between pre dicted and observed 
fluxes. A n iterative process, as explained in lSanz-Forcada et alJ 
results in the "best" solution for both the EMD and the 
abundance pattern. Although this solution is not unique, the 
use of a large number of spectral Unes with a good temperature 
coverage constrains the interval of possible solutions to a small 
range of values around the solution proposed. Error bars to the 
EMD can be calculated by means of a Montecarlo method, con- 
sisting on the variation of the observed fluxes by +lcr and the 
determination of the best solution among 1000 possible varia- 
tions around the initial EMD solution. Such exercise is made 
for 1000 sets of possible line fluxes, providing error bars for 
the solution. The abundances of the different elements are de- 



termined during the calculation of the EMD, with error bars re- 
sulting from the quadratic summation of the eiTors on the mea- 
surement of observed fluxes (AFobs/Fobs), and the dispersion 
of the predicted-to-observed line ratios [(Fobs - Fpred)/^^obs] of 
lines of the same element (the latter permits to evaluate indi- 
rectly the errors related to atomic models). The abundances 
of the elements are determined relative to Fe, with the [Fe/H] 
abundance derived afterwards from the best fit to the global 
spectrum for the given EMD and abundances pattern. The coro- 
nal abundances determined, with their photospheric counter- 
parts are shown in Figs.|2and|3 and are listed in Table|5] EMD 
distributions (Table|3} are shown in Fig.|4] The line fluxes mea- 
sured in the four targets are listed in Tables 

4. Results 

4.1. Procyon 

Procyon (a CMi A, HR 294 3, HD 61421) i s aweU studied 
nearby F4IV star (3.497 pc "Perrvma n et all Il997l) . A rota- 
tional period of ~ 9.1 d can be deduced from vsin; - 6.1 

' These tables are available in electronic format only. 
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Fig. 3. Coronal to photospheric abundance ratio for Procyon, e Eri, A And and V851 Cen, with Icr error bars. Solar coronal (at 
\ogT[K\ ~ 6.1) to photospheric abundance ratios (tpeldman & Laming. I2OO0I) are indicated with a dotted line in the Procyon 
plot. 



km/s dde Medeiros & Mavoil 1 19991) and / = 32°( llrwin et al.L 
I1992I) . Photospheric abundances on different elements have 
been determined by many authors, resulting in a metallic- 
ity close t o solar In this work we will use the values cal- 
culated bv lEdvardsson et all ( Il993h . with C abundance from 
IVarenne & Monieil ( Il999l) . First studies on the coronal abun- 
dances were carried out using EUVE observations: Drake et al^. 
( 1 1995b calculated, using line-based analysis, the EMD for low 
and high FIP elements separately, but they did not find any 
"FIP" or "inverse FIP" effect. Global fits to Chandra/LETG 
and XMM-Newton h igh-resolution spectra were employed by 
iRaassen et alJ ( 1200 2') to determine the abundances of Procyon, 
also concluding that no FlP-related effects are present in the 
corona of Procyon (although no comparison with photospheric 
values is present in their study). 

In the present work line fluxes were co rrected from the ISM 
assumi ng a value of log A^H(cm"^) ~ 18.2 dSanz-Forcada et al.L 
l2003ah . Several problems affect the analysis of the Chandra 
Procyon spectra. First, the shape of the continuum of a rel- 
atively cool corona like that of Procyon, in the wavelength 
range covered here, does not allow to establish the [Fe/H] 
coronal abundance accurately (a wide range of values show 



similar line-to-continuum ratios), thus we fixed it at its pho- 
tospheric value (note that the rest of coronal abundances are 
calculated relative to Fe, and the general level of the EMD 
depends on [Fe/H] too). Also, the determination of coronal 
abundances is affected, in the LETG wavelenght range, by 
the lack of a complete temperature coverage provided by Fe 
(only two lines are formed at log T[K] ^ 6.2), while many 
lines from other elements have little temperature overlap with 
Fe lines. However it is possible to include in the analysis the 
Fe lines observed with EUVE (Fe xi-xvi), obtaining a better 
temperature coverage for one element, useful for the deter- 
mination of abundances of other elements. Measurements of 
EUVE Fe line flux e s in th e range 170-370 A were made by 
ISanz-Forcada et all (l2003ah from observations taken in 1993, 
1994 and 1999 (the latter is partially simultaneous with the 
LETG campaign, and no substantial changes were detected in 
the EUV flux level). The inclusion of the EUVE lines allows to 
cover the range log T(K) ~ 5.6-6.8, where almost all lines of 
other elements are also formed. 

The abundances determined for Procyon do not show sub- 
stantial differences between photospheric and coronal relative 
abundances (note that no error bars are published for the pho- 
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Fig. 4. Emission Measure Distribution for Procyon, e Eri, A And and V85 1 Cen. Thin lines represent the relative contribution 
function for each ion (the emissivity function multiplied by the EMD at each point). Small numbers indicate the ionization stages 
of the species. Also plotted are the observed to predicted line flux ratios for the ion stages in the upper figure. The dotted Unes 
denote a factor of 2. 
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Table 2. Coronal and photospheric abundances of the elements ([X/H], solar units) in the target stars. 
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X 


FIP 


Reference" 


Procyon 


e 


iri 




^ And 


V851 Cen 




eV 


solar value 


Photosphere 


Corona'' 


Photosphere 


Corona 


Photosphere 


Corona 


Photosphere 


Corona 


Al 


5.98 


6.47 


0.00 


0.45+ 0.12 


-0.12+ 0.02 








-0 05+ 17 


25+ 05 




Ca 


6.11 


6.36 


-0.04 


-0 20+ 20 


-0.1 1± 0.03 


n ?^+ 


U.Z.U 


-0.20± 0.10 


-0 25+ 37 


12+ 08 


50+ 47 


Ni 


7.63 


6.25 


0.02 


0.06± 0.08 


-0.20+ 0.03 


r\ r\t -L. 
— U.U1 + 


n 1 1 
U.l t 


-0.40± 0.10 


-0 30+ 13 


-0 30+ 10 


0.10± 0.44 


Mg 


7.64 


7.58 


u.u / 




-0.14+ 0.05 


-0.15± 


0.10 


— n 1 f)+ n 1 f) 


U.Z. Jit u.u / 




—0 1 9+ 1 7 


Fe 


7.87 


7.50 


-0.18 


-0.1 8± 0.06 


-0.12± 0.01 


-0.30± 


0.20 


-0.50± 0.10 


-0.60± 0.05 


-0.23± 0.10 


-0.50± 0.10 


Si 


8.15 


7.55 


0.01 


0.06± 0.10 


-0.16± 0.02 


-0.21± 


0.07 


-0.30± 0.10 


-0.39+ 0.07 


-0.05± 0.09 


-0.62+ 0.32 


S 


10.36 


7.21 




-0.23± 0.17 


-0.01+ 0.01 


0.00± 


0.15 




-0.67± 0.16 




-1.05+ 1.33 


C 


11.26 


8.56 


0.11 


-0.10± 0.14 


-0.06 


-0.28± 


0.18 








-0.37± 0.40 


O 


13.61 


8.93 


-0.05 


-0.44± 0.10 


-0.16± 0.02 


-0.40± 


0.04 


-0.25± 0.10 


-0.30± 0.13 




-0.09± 0.23 


N 


14.53 


8.05 




-0.25± 0.13 




-0.31± 


0.14 








0.00± 0.14 


Ar 


15.76 


6.56 




-0.43± 0.13 




0.13± 


0.14 




-0.28± 0.26 




-0.04+ 0.54 


Ne 


21.56 


8.09 




0.02± 0.11 




0.00± 


0.08 




-0.08± 0.06 




0.41± 0.13 



" Solar photospheric abundances from lAnders & Grevessd il989t) . adopted in this work, are expressed in logarithmic scale. Not e that several 
valu es have been updated in the literature, most notably the cases of O (now ~8.7. lAllende Prieto et alll200lUHolwegeiil200lh and C (now 
8.39. lAllende Prieto et alll2002h . 

* The [Fe/H] coronal abundance of Procyon is set to its photospheric value, with nominal error bars determined from the observed-to-predicted 
fluxes dispersion. 



tospheric abundances), with the most notable difference being 
a relative underabundance of O in the corona. Nevertheless, 
an interesting feature arises when fitting the EMD and abun- 
dances. Assuming that the EMD (see Fig.|3} is correct for all 
elements, a higher (relative to Fe) abundance of S, O, Ne, Si 
and Mg at lower temperatures would improve the fit of their 
respective lines (the case of the S vii lines is very remarkable), 
while elements like Ni, Ca, Al, C or N cover a gradient of tem- 
peratures too small to notice any trend. This effect could be 
also caused by the Fe abundance increasing with temperature, 
from the minimum of the EMD at log T(K) ~ 5.8 to the max- 
imum at log T(K) ~ 6.3. This might indicate a trend of a mild 
FIP effect which increases with temperature in the corona of 
Procyon (Drake etal., 1995, also discuss a possible tempera- 
ture dependence to the coronal abundances in Procyon). In the 
solar corona, the FIP effect is indeed larger at log T{K) ~ 6.15 
than at logT{K) ^ 5.9 (Feldman & Laming, 2000). Although 
suggestive, this hypothesis cannot presently be confirmed with 
high confidence for Procyon given the present uncertainties 
in atomic models and in the determination of the EMD of 
this star. Similarly, an increase in the [Ne/Fe] abundance with 
temperature between logT{K) ~ 5.8 and logT{K) ~ 6.6 
would explain the discrepancies found in the determination 
of the coronal Ne abundance of AD Leo from Nevm lines 
I Sanz-Forcada & Micela> .2002i) and from Ne ix and Ne x lines 
i Maggioetalll2002l) . 

4.2. € Eri 

As one of the nearest cool stars (d - 3.22 pc), e Eri (HD 22049, 
HR 1084) is frequently studied regarding its activity, abun- 
danc es, and more recen tly, stellar planetary c ompanions (see 
e.g..lHatzes et al.Ll2000l) . With fphot ~ 11-3 d ( iBaliunas et all 
e Eri (K2V) is a star with an intermediate activity level. 
Photospheric abundances derived by .Zhao et al.. (.2002) are 



used here for comparison with the coronal values, and a value 
oflogA^H(cm-2) ~ 18.1 Is anz-Forcada et al., 2003a) is adopted 
to correct for ISM absorption. The first high-res olution analy- 
sis on coronal abundances of e Eri was made by Laming et alJ 
( 1996) who analyzed EUVE spectra, calculating separate line- 
based EMDs for low- and high-FIP elements, concluding that a 
solar-like FIP effect was present in the coron a of e Eri. Coronal 
electron density diagnostics were reported bv lNess et al.l ll2002i) 
from the Chandra/LETG observations of e Eri. 

In the present work we derive the coronal abundance 
of 11 elements from the Chandra/LETG spectrum of e Eri. 
The corona is dominated by emitting material in the range 
logT{K) ~ 5.8-7.2, with a distribution compatible with the 
prese nce of a peak at lo g T(K) ~ 6.5 as EUVE data sug- 
gest dSanz-Forcada et all l2003al) . but also with two peaks at 
logr(^r) ~ 6.3 and 6.8, as the present data, also compatible 
with EUVE fluxes, suggest. The [Fe/H] coronal abundance is 
better constrained than for Procyon, with a 0.2 dex uncertainty; 
the agreement between predicted and observed fluxes is also 
better than for Procyon. A mild FlP-like bias is detected in the 
corona of e Eri, affecting only Ca and Ni (Fig.O, with a pro- 
gressive lower coronal abundance for elements with higher FIP 
- while in the Sun the FIP effect consists in the enhancement 
by more than a factor of 3 of the elements with FIP $ 10 eV. 

4.3. A And 

A And (HD 222107, HR 8961) is an active binary system with 
a G8 IV-III primar y and an unsee n companion in an orbit with 
Porb = 20.5212 d (IWalkeii[l944l) . A And is one of the few ac- 
tive stars for which measureme nts of pho tospheric abundances 
for a good number of elements dSavanov & Berdvugina. 19941 
iDonati et"all 1 19951) are avail able, also thanks to it s low ro- 
tation rate (f phot = 54.33 d, 'Per rvman et all Il997h . Coronal 
abundances from high resolution spectra were not obtained 
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Table 3. Emission Measure Distribution of the target stars 



119951), and they are also close to the values calculated by 
■Savanov & Berdvugina (1994) . 



logr 
(K) 



Procyon 



log ] N^NndV (cm-^y 



£ Eri 



i And V851 Cen 



5.4 
5.5 
5.6 
5.7 
5.8 
5.9 
6.0 
6.1 
6.2 
6.3 
6.4 
6.5 
6.6 
6.7 
6.8 
6.9 
7.0 
7.1 
7.2 
7.3 
7.4 
7.5 
7.6 
7.7 
7.8 



49.58 

49 28+"^^ 
49 08+" 
48.78!«;5° 
48.88!°;^° 
49.28!°;^° 

AO 7^+0.05 
'-'-0.40 
AQ qQ+0.40 

50.18^0 20 

50.28!°;?^ 
50.08!«;i§ 
49.48!°;»^ 
48.58!°;^° 
47.88!°;1° 
47 48+0 30 

47.18 



47.60 

47.80 

48.20!°i« 

48.65!«;^« 

49.30!«;^° 

49 85+" '° 

50 15+° '° 

•^"■^•^-0.20 

50 00+°^° 

-^"■""-0.10 

50.00!°i° 
50.20!°-5° 
50.30!°^^ 
50 30+° °' 

-'"••'"-0.35 

50 15+°'^ 
49 40+0 '*o 

^'•^"-0.10 

48.80+°^° 
48.30!°i° 
47.70 
47.50 



50.90 
50.80 

50 90+°-2° 

-'"•^"-0.30 

51 00+°-2° 

51 10+°-20 

-•^•^"-0.30 

51.50tii! 
51-80!°:°? 

52 30+°-°' 

-'^•-'"-0.15 

52 75+°-°5 
52 70+°-'' 

-0.05 

52 20+° °^ 

-■^•^"-0.20 

52 30+° °' 

-'^•-'"-0.40 

52 55+°-°' 
52 10+°-2° 

-■^•^"-0.30 

51 60+°"° 
51.10 
50.60 
49.60 



50.40 
50.70 

51 10+°°' 

-'i-i"-0.40 

51 30+°°' 
51 20+°°' 
51 50+°'° 
51 70+° 20 

-'^•'"-0.40 

51 90+°°' 

-'^•'"-0.35 

52 40+° °' 

53 09+°°' 
52 35+°-2° 

52 75+°-20 

53 15+°°' 

JJ.IJ Q3Q 

52 70+°-3° 
51 90+°''° 
50.50 
50.50 



"Emission Measure, where A'^ and are electron and hydrogen den- 
sities, in cm"-^. Error bars provided are not independent between the 
different temperatures, see text. 



4.4. V851 Cen 

V851 Cen (HD 119285) is an active binary system with a 
K2IV-III primary and an unseen companion, with a pho- 
tometric period of 12.05 d (Llovd Evans & Koenl Il987t 
ICutispoto et all 1200 ih. slightly long er than its orbital period 
(Porb = 11.989 d.'Saaretal.l ll990l) . V851 Cen has a small 
projected rotational velocity (vsin; = 6.5 kms Saar et al., 
(l990l) which allowed lKatz etail (l2003l) and lMorel et al.l(l2003l) 
to derive accurate photospheric abundances, revising the value 

of [Fe/H] 0.6 determined by Randich et al. ( 1993) to a value 

of [Fe/H] 0.2. In the present work the coronal abundances 

and thermal structure of this star is determined for the first time. 
A correction of the observed fluxes due to the absorption of the 
ISM was applied, assuming logA^H(cm"^) ~ 19.5, the valu e 
determined for the nearby star /3 Cen (Frusc ione et allfl994l) ^. 
We u se the photospheric abundances provided by the "Method 
1" of iMorel et aP ( l2003l) . as shown in Fig. El When the coro- 
nal abundances are compared to solar photospheric ones, V85 1 
Cen shows a behavior very similar to that of stars like AR Lac 
or AB Dor, with a decrease of abundance with FIP until Si, and 
a progressive increment for elements with high FIR However, 
when these abundances are compared with the stellar photo- 
spheric values, the conclusions are different, with only a small 
depletion of coronal Fe, Mg and Si, and a possible enhance- 
ment of the elements with lowest FIP (Ca and Ni), although 
still consistent with the photospheric values (Fig. |3}. The de- 
termination of the photospheric abundance of elements with 
larger FIP would be desirable in order to confirm any trend. 



from EUVE data because the ISM absorption did not allow 
to measure fluxes of lines for elements other than Fe (al- 
though the spectrum is sug gestive of a low value of [Fe/H], see 
ISanz-Forcada et alll200lk and the glo bal fit of die XMM/R GS 
spectra gave no clear trend with FIP ( Au dard et all l2003l) . A 
preliminary analysi s of the ChandrafHE TG and LETG spec- 
tra wa s reported bv lDupree et all (l2000l) and lBrickhouse et'aP 
(l2003l) respectively. 

The low ISM absorption^ (log A^H[cm-2] = 18.45, 
IWood etall ll996) makes the correction of fluxes unnecessary 
(affecting the line fluxes at less than the 1% level). The high 
spectral resolution and good statistics achieved in the obser- 
vation allow to obtain the best determination of the element 
abundances of the four stars, also supported by a good agree- 
ment between observed and predicted fluxes for most lines. 
The fl uxes measured in the EUV range (Sanz-Forcada et al., 
I2OOII) are also well predicted using the EMD determined here. 
The coronal abundances determined here are remarkably con- 
sistent with the photospheric values calculated by Donati et al. 



2 Note that this value of the ISM absorption, combined with the 
distance to the star, is too high to see lines from elements other than Fe 
that were measured for other stars (usually at A S200 A) with EUVE, 
but it is a low value to notice its effects in the HETG spectral range. 



5. Discussion and conclusions 

The results found in the present sample show that the issue 
of coronal abundances in stars other than the Sun is com- 
plex and still poorly understood. Solar coronal abundance is 
by itself a complex issue, with the actual values depending 
on which part of the corona is observed (with coronal holes, 
active regions and flares showing quite diff'erent abundance 
patterns). Results obtained from full disk spectra (thus com- 
parable to stellar spectra) show enhancements by at least a 
factor of 3 in elements with FIP ^ 10 eV (iLaming et all 
I1 99.51) . Young solar active regions show coronal abundance 
compatible with the photospheric values, but they soon de- 
velop a FIP b ias that reaches average coronal values i n two 
to three days dSheelevl Il996t IWiding & FeldmanI I2OOII) . The 
FIP eff'ect that is observed in the solar corona seems to dis- 
appear with increasing ac tivity level of the star, as it has been 
shown in cases like II P eg |Huenemoerder et a lll200l|) , ARLac 
(Huenemo erder etall l2003l) . AB Dor Tsanz^Forcada et all 
, 2Q03b ), A And and V85I C en. A solar-like FIP effect appears 
to be present in a Cen A dRaassen et all l2003h . a star very 

^ Uncertainties in the determination of the ISM absorption are of 
minor importance given the small correction (at the ~ 2% level at 
20 A) to be applied to the line fluxes. 
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similar to the Sun in many physical parameters, as well as in 
other solar a nalogs with low lev els of activity, such as tt' UMa 
and Ori jGiidel et all l2002l) . although only the Fe photo- 
spheric abundance is known for these two objects (so that abun- 
dance patterns assume a solar-like mix). A mid-activity level 
star, e Eri, could be showing the progressive disappearance of 
the FIP effect, with elements like Mg and Fe already showing 
photospheric abundances in the corona, and leaving a marginal 
coronal abundance enhancement only for Ca and Ni. Finally, 
Procyon seems to be quite different from the Sun, with no FIP- 
related trends evident, although there could be an increment 
of Fe abundance with the coronal temperature relative to other 
elements with higher FIP (see Sect. 14. 1> . The FIP effect de- 
tected in the solar corona above quiet regions grows with tem- 

S ierature, in a rang e similar to that covered here for Procyon 
Feldman & Laming..2000.) . 

The interpretation of the metal depletion in the corona of 
active stars that has been given in the past from initial results 
is somewhat in contradiction with the present results. Many of 
the stars for which a "metal abundance deficiency syndrome" 
(MAD) has been claimed do not have measurements of the pho- 
tospheric abundance available (or they are limited to Fe abun- 
dance determinations), and published work is limited to the 
comparison of stellar coronal patterns with solar photospheric 
abundances (a rather arbitrary practice). The case of A And is 
quite remarkable, with compatible coronal and photospheric 
abundances for all elements tested, and a definitely non-solar 
photospheric abundance pattern. V85 1 Cen, with similar coro- 
nal thermal structure (Fig.|4} shows a m arginal coronal abun- 
dance depletion. Other cases hke II P eg ( Huenemo erder etaD. 
1200 lh or AR Lac (.Huenemoerder et al.. 2003) show also mod- 
erate depletion when they are compared with the respective 
photospheric values, but strong metal dep letion seems to be 
clear only for AB Dor dSanz-Forcada et al.. ,20031\ and ref- 
erences therein). However AB Dor is a fast rotator, and the 
only available determination of photospheric abundances, car- 
ried out bv .Vilhu et al. (1987). needs further confirmation given 
the difficulty for the measurements in a spectrum so much af- 
fected by rotational broadening. 

While the absence of FIP effect in active stars, at least at 
the solar level, is well supported at this point, the presence of 
a general "MAD effect" or an "inverse FIP effect" increasing 
with activity is not yet clearly established, given the discrep- 
ancies found between stars with quite similar levels of activity 
and thermal coronal structure like AB Dor, A And and V851 
Cen. Moreover, the abundance pattern could also be changing 
in different parts of the corona, depending on the coronal tem- 
perature, as present in Procyon. A larger sample of stars with 
both photospheric and coronal abundances, determined in a ho- 
mogeneous way, would be necessary in order to establish a gen- 
eral trend between coronal abundances and activity levels. 
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Table 4. Chandra/LETG line fluxes of Procyon" 



Ion imodd log Tmax f obi S/N ratio Blends 

Fexvn 12.1240 6.8 6.03e-15 3.6 -0.18 Nex 12,1321, Nex 12.1375 

Neix 13.4473 6.6 2.79e-14 8.3 -0.34 

Neix 13.6990 6.6 1.53e-14 6.2 -0.36 Neix 13.7130 

Fexvn 15.0140 6.7 2.71e-14 8.8 -0.15 

Fexvn 15.2610 6.7 2.45e-14 8.5 0.00 O vni 15.1760, 15.1765, Fexvn 15.2509, 15.2615, 15.2797 

O vni 16.0055 6.5 3.04e-14 8.3 0.07 O vni 16.0067 

Fexvn 16.7800 6.7 1.44e-14 6.8 -0.12 

Fexvn 17.0510 6.7 5.22e-14 12.0 0.14 Fexvn 17.0960 

O vn 17.3960 6.4 5.25e-15 3.8 -0.01 

O vn 17.7680 6.4 1.69e-14 6.9 0.13 

O vn 18.6270 6.3 4.76e-l4 12.3 0.04 

O vni 18.9671 6.5 I.88e-I3 24.7 -0.05 O vni 18.9725 

N vn 20.9095 6.3 1.26e-14 5.4 0.15 Nvn 20.9106 

O vn 21.6015 6.3 2.66e-13 25.1 -0.14 

O vn 21.8036 6.3 7.20e-14 13.0 0.02 

O vn 22.0977 6.3 2.42e-13 24.0 0.03 

N vn 24.7792 6.3 7.00e-14 13.6 -0.02 N vn 24.7846 

N VI 24.8980 6.2 5.64e-15 3.9 -0.12 

C VI 28.4652 6.2 2.85e-14 9.0 0.02 

N VI 28.7870 6.2 5.09e-14 11.9 -0.03 

N VI 29.0843 6.1 1.97e-14 7.4 0.17 

N VI 29.5347 6.1 1.69e-14 6.7 -0.23 

Caxi 30.4710 6.3 2.19e-14 5.1 0.01 Sxw 30.4270 

No id. 31.0340 ... 1.69e-14 5.0 ... Sixn 31.015 

C VI 33.7342 6.1 2.44e-13 25.8 -0.10 C vi 33.7396 

C V 34.9728 6.0 1.85e-14 7.2 0.17 

S XIII 35.6670 6.4 2.66e-14 8.6 0.09 Caxi 35.6340, 35.7370 

S XII 36.3980 6.4 1.55e-14 6.5 0.06 

S XII 36.5730 6.4 l.Ole-14 5.2 -0.17 S xn 36.5640 

S XIII 37.5980 6.4 1.24e-14 5.5 0.20 S xn 37.5670 

S XI 39.2400 6.3 4.48e-14 10.2 0.06 S xi 39.3000, 39.3200 

C V 40.2674 6.0 1.06e-13 12.2 0.13 

No id. 40.7250 ... 9.27e-14 9.2 ... Cv 40.731 

Cv 41.4715 6.0 3.68e-14 5.7 -0.26 Arix41.4760 

Noid. 42.5330 ... 5.48e-14 7.7 ... Sx42.543 

Si XI 43.7630 6.2 3.69e-14 10.8 -0.02 

Si XII 44.0190 6.3 1.38e-14 6.8 -0.24 

Sixii 44.1650 6.3 4.44e-14 12.2 -0.18 Mgx 44.0500, Sixi 44.0690, Sixn 44.1780 

Noid. 44.4110 ... 6.59e-15 4.7 

Sixn 45.6910 6.3 1.09e-14 9.1 -0.34 

Sixi 46.2980 6.2 1.47e-14 10.5 0.30 

Sixi 46.3990 6.2 1.61e-14 11.0 -0.15 Sixi 46.4090 

Fexvi 46.7180 6.5 9.39e-15 8.4 0.25 Fexvi 46.6610 

S XI 47.0300 6.3 8.36e-15 5.9 -0.08 Si xi 46.9960, 47.0770, Si x 47.0450 

Noid. 47.2500 ... 1.66e-14 8.3 ... Six47.249 

Noid. 47.4000 ... 1.23e-14 7.1 ... Six47.433 

Six 47.4890 6.2 1.29e-14 7.3 0.31 

Noid. 47.6240 ... 1.77e-14 8.5 ... Sx 47.655 

Noid. 47.7500 ... 1.12e-14 6.8 ... Sx 47.791 

Noid. 47.8790 ... 1.47e-14 7.8 ... Sixi 47.899 

Arix 48.7390 6.1 7.53e-15 7.5 0.00 Si x 48.6760, 48.7890 

Sixi 49.2220 6.2 6.12e-14 21.7 -0.11 

Noid. 49.3340 ... 1.48e-14 10.7 ... Six 49.328 

Six 49.7010 6.2 7.39e-15 7.6 0.14 Six 49.7510 

Fexvi 50.3500 6.5 1.65e-14 11.4 0.20 Six 50.3160, 50.3330, 50.3590 

Six 50.5240 6.2 6.60e-14 22.8 0.12 Fexvi 50.5550 

Six 50.7030 6.2 4.43e-14 18.7 -0.24 Six 50.6910 

Sixi 52.2980 6.2 2.53e-14 13.8 -0.42 Si xi 52.2690, Al xi 52.2990 

Alxi 52.4460 6.2 9.05e-15 8.3 -0.00 

Six 52.6110 6.2 9.34e-15 8.5 -0.08 Six 52.6120 

Noid. 52.7600 ... 1.55e-14 10.8 ... Svm 52.756 

Fexv 52.9110 6.4 9.92e-15 8.8 -0.04 

Noid. 53.0480 ... 7.36e-15 7.5 

Fexv 53.1100 6.4 6.60e-15 7.0 0.22 Six53.1530 

Six 54.5990 6.2 l.lOe-14 8.9 0.32 

SiK 55.1160 6.1 3.04e-14 14.7 0.40 Sine 55.0390, 55.0940, Nixvn 55.0390 

Sirs 55.3050 6.1 8.40e-14 24.2 0.05 Sine 55.2340, 55.3830, 55.4010 

Noid. 56.9000 ... 1.53e-14 7.1 ... Six56.08 

Fexv 59.4050 6.3 8.68e-15 5.2 -0.52 

S vn 60.1610 5.8 1.13e-14 5.9 0.35 Six60.1180 

Noid. 61.0500 ... 5.52e-14 13.1 ... Sivin61.019 

Siix 61.6490 6.1 3.90e-14 11.0 0.49 Si ix 61.6000, 61.6970 

Noid. 61.8500 ... 2.78e-14 9.3 ... Siix61.852 

Noid. 61.9300 ... 2.81e-14 9.3 ... Si vm 61.914 

Six 62.6950 6.2 2.17e-14 8.2 -0.18 Mgn 62.6610, 62.7510 

Fexvi 62.8790 6.5 1.92e-14 7.7 0.04 

SiDt 62.9750 6.1 9.72e-15 5.5 0.61 

Mgx 63.1520 6.1 2.08e-14 8.0 -0.19 

Mgx 63.2950 6.1 3.82e-14 10.9 -0.23 Mgx 63.3110 

Fexvi 63.7190 6.5 2.25e-14 8.4 -0.21 

Fexv 63.9580 6.3 1.94e-14 7.8 0.26 

Noid. 64.1230 ... 2.52e-14 8.8 

Mgx 65.6730 6.1 9.77e-15 7.8 -0.22 

Mgx 65.8450 6.1 2.69e-14 13.3 -0.11 Nevm 65.8940 
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Table 4. (cont). Chandra/LETG line fluxes of Procyon" 



Ion 


model 


log r„„ 


F 


obs 


S/N 


ratio 


Blends 


Fe XVI 


66.2630 


6.5 


9.90e 


15 


7.9 


-0.07 




No id. 


66.3130 




9.61e 


15 


8.0 




Nevin 66.330 


Fe XVI 


66.3680 


6.5 


1.58e 


14 


10.0 


-0.04 




Mgix 


67.1350 


6.0 


1.37e 


14 


6.3 


0.30 


Mg IX 67.1410 


Mg IX 


67.2390 


6.0 


2.55e 


14 


8.6 


0.19 


Mgix 67.2460 


Ne VIII 


67.3820 


5.9 


1.84e 


14 


7.3 


0.33 


Si X 67.3550, Ne vm 67.3860 


Fe XV 


69.6490 


6.3 


5.09e 


14 


18.0 


-0.18 




No id. 


69.8730 




3.50e 


14 


14.8 




Siviii 69.825 


Fe XV 


70.0540 


6.3 


2.90e 


14 


13.5 


0.34 


Fexv 69.9450, 69.9870 


No id. 


71.91 10 




1.99e 


14 


11. 1 




Mgix 71.901 


S VII 


72.0280 


5.8 


1.82e 


14 


10.6 


0.60 


Mgix 72.0280 


Mgix 


72.3120 


6.0 


3.48e 


14 


14.7 


-0.12 




S VII 


72.6630 


5.8 


1.50e 


14 


9.7 


1.01 




S VII 


72.8980 


5.8 


1.47e 


14 


9.5 


0.87 




Fe XV 


73.4730 


6.3 


1.08e 


14 


8.2 


-0.43 


Nevm 73.4750 


Nevin 


73.5630 


5.9 


1.07e 


14 


8.1 


0.19 


Nevm 73.5650 


Mg vm 


74.8580 


5.9 


2.39e 


14 


11.9 


0.10 




Mg VIII 


75.0440 


5.9 


3.0Ie 


14 


13.4 


-0.02 


Mgviii 75.0340 


No id. 


76.0310 




1.96e 


14 


10.7 




Fe x 76.006 


Mgix 


77.7370 


6.0 


2.86e 


14 


12.8 


-0.12 




No id. 


77.8340 




1.16e 


14 


8.1 






No id. 


79.4950 




1.23e 


14 


8.4 




Fexn 79.488 


No id. 


80.5320 




1.38e 


14 


8.7 




Fexu 80.510 


No id. 


82.7000 




2.92e 


14 


8.6 




Fe XII 82.744 


No id. 


83.5980 




1.02e 


14 


7.3 




Mgviii 83.587 


Mgvii 


83.9100 


5.9 


4.07e 


15 


4.6 


-0.01 




No id. 


83.9960 




1.82e 


14 


9.7 




Mg VII 84.025 


No id. 


86.8220 




1.94e 


14 


10.1 




Mgvm 86.847 


Mg vm 


87.0210 


5.9 


l.SOe 


14 


8.8 


0.47 




Ne VIII 


88.0820 


5.8 


5.06e 


14 


16.2 


0.06 


Ne vm 88.1190 


No id. 


91.8360 




1.97e 


14 


10.2 




Nix 91.790 


No id. 


94.0510 




3.76e 


14 


13.9 




Fex 94.012 


No id. 


96.0420 




3.18e 


14 


12.5 




Si VI 96.022 


No id. 


96.1430 




3.22e 


14 


12.5 




Fex 96.122 


Ne VII 


97.4950 


5.8 


1.37e 


14 


8.0 


0.27 




Ne vin 


98.1150 


5.8 


2.78e 


14 


1 1.4 


0.06 




Ne VIII 


98.2600 


5.8 


5.25e 


14 


15.6 


0.08 




No id. 


100.6000 




2.42e 


14 


10.5 




Mgvm 100.597 


No id. 


102.1000 




6.31e 


15 


5.3 






Nevm 


102.9110 


5.8 


1.41e 


14 


8.0 


0.06 




Ne vin 


103.0850 


5.8 


2.40e 


14 


10.4 


-0.01 




No id. 


103.5740 




3.38e 


14 


12.3 




Feix 103.566 


No id. 


103.9370 




1.42e 


14 


8.0 






No id. 


105.2350 




2.57e 


14 


10.8 




Feix 105.208 


No id. 


111.2550 




1.93e 


14 


9.4 




Cax 111.198 


No id. 


113.7970 




1.52e 


14 


8.3 




Fevm 113.763 


VI 


115.8210 


5.5 


1.34e 


14 


7.9 


0.32 


VI 1 15.8300 


Ne VII 


116.6930 


5.8 


1.13e 


14 


7.2 


-0.00 




No id. 


127.7000 




1.45e 


14 


6.5 




Nevn 127.663 


Fe VIII 


130.9410 


5.7 


1.23e 


14 


6.0 


-0.03 




No id. 


131.2800 




2.32e 


14 


8.2 




Fevm 131.24 


No id. 


148.4290 




1.36e 


13 


20.3 




Nixi 148.402 


VI 


150.0890 


5.5 


7.13e 


14 


14.7 


0.43 


VI 150.1250 


Ni xn 


1 JZ. 1 J4U 


O.Z 




14 


1 A 1 
14. / 


U.Ul 




Nixii 


154.1620 


6.2 


3.60e 


14 


10.4 


0.02 




Ni xm 


157.7290 


6.2 


3. lie 


14 


9.5 


-0.10 


Nixu 157.8130 


No id. 


158.4290 




2.20e 


14 


8.0 




Nix 158.377 


No id. 


160.0590 




2.26e 


14 


7.9 




Nix 159.977 


Ni xii 


160.5550 


6.2 


1.75e 


14 


6.9 


0.06 




No id. 


167.5560 




4.32e 


14 


9.7 




Fevm 167.486 


No id. 


168.2090 




6.75e 


14 


11.8 




Fevm 168.172 


Feix 


171.0730 


5.9 


8.75e 


13 


29.7 


-0.17 





° Line fluxes (in erg cm~" s~') measured in Chandra/LETG Procyon summed spectra, log T,^.^ indicates the maximum temperature (K) of formation of the line (unweighted by the 
EMD). "Ratio" is the log (fobs/^pred) of the line. Blends amounting to more than 5% of the total flux for each line are indicated. For some lines not identified in APED, a tentative 
identification is suggested in the "Blends" column based on|^ll3(l98^. 
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Table 5. Chandra/LETG line fluxes of e Eri° 



Ion 



'imodel 



log T„ 



Fobs S/N ratio Blends 



Si XIII 
Si XIII 
Mg xn 
Mgxi 
Mgxl 
Nex 
Nex 
Fexvn 
Fe xvnr 
Nex 
Fe XXI 
Ni XIX 
Fexx 
Fexxi 
No id. 
Fexx 
Fexx 
Neix 
Neix 
Fe xvn 
Fe xvm 
Nixix 
Fexvm 
Fexvm 
Fe xvm 
Fe xvm 
Fexix 
Fe xvn 
Fe XVII 
Fe XVII 
Fe xvm 
Fexvm 
Fexvm 
Fexvm 
O vm 
Fe xvm 
Fe XVII 
Fexvn 
Fexvn 
O vn 
Caxvra 
No id. 
O vm 
N VII 
Ca XVII 
Ca XVI 
O vn 
No id. 
O vn 
No id. 
O vn 
S XIV 
N vn 
N VI 
Arxvi 
C VI 
N VI 
N VI 
N VI 
S xrv 
No id. 
S XIV 
S 
S 
C 

s 
s 

S xm 
No id. 
C V 
S xn 
Si XI 
Si XII 
Sixn 
Sixn 
Sixn 
At IX 
Si XI 
Fexvi 
Six 
Six 



XIV 
XIV 



xn 



6.6479 
6.7403 
8.4192 
9.1687 
9.2312 
9.7080 
10.2385 
11.2540 
11.5270 
12.1320 
12.2840 
12.4350 
12.5760 
12.6490 
12.7550 
12.8240 
12.9650 
13.4473 
13.6990 
13.8250 
13.9530 
14.0430 
14.2080 
14.2560 
14.3430 
14.5710 
14.6640 
15.0140 
15.2610 
15.4530 
15.6250 
15.7590 
15.8240 
15.9310 
16.0055 
16.0710 
16.3500 
16.7800 
17.0510 
18.6270 
18.7320 
18.7870 
18.9671 
20.9095 
21.1980 
21.4500 
21.6015 
21.7100 
21.8036 
22.0220 
22.0977 
24.2850 
24.7792 
24.8980 
24.9910 
28.4652 
28.7870 
29.0843 
29.5347 
30.4270 
32.2410 
32.4160 
32.5600 
33.5490 
33.7342 
35.6670 
36.3980 
37.5980 
37.9500 
40.2674 
43.6510 
43.7630 
44.0190 
44.1650 
45.5210 
45.6910 
48.7390 
49.2220 
50.3500 
50.5240 
50.7030 



7.0 
7.0 
7.0 
6.8 
6.8 
6.8 
6.8 
6.8 
6.9 
6.8 
7.0 
6.9 
7.0 
7.0 

7.0 
7.0 
6.6 
6.6 
6.8 
6.9 
6.8 
6.9 
6.9 
6.9 
6.9 
6.9 
6.7 
6.7 
6.7 
6.8 
6.8 
6.8 
6.8 
6.5 
6.8 
6.7 
6.7 
6.7 
6.3 
6.9 

6.5 
6.3 
6.8 
6.7 
6.3 

6.3 

6.3 
6.5 
6.3 
6.2 
6.7 
6.2 
6.2 
6.1 
6.1 
6.5 

6.5 
6.5 
6.5 
6.1 
6.4 
6.4 
6.4 

6.0 
6.4 
6.2 
6.3 
6.3 
6.3 
6.3 
6.1 
6.2 
6.5 
6.2 
6.2 



4.57e-14 
2.35e-14 
3.00e-14 
4.95e-14 
7.83e-14 
1.65e-14 
3.31e-14 
4.85e-14 
4.99e-14 
3.15e-13 
7.90e^l4 
6.62e-14 
1.38e-14 
1.20e-14 
1.30e-14 
4.33e-14 
4.09e-14 
4.98e-13 
2.01e-13 
1.18e-13 
3.45e-14 
4.48e-14 
1.09e-13 
4.82e-14 
9.73e-14 
6.44e-l4 
2.65e-14 
6.12e-13 
3.56e-13 
6.57e-l4 
3.52e-14 
1.35e-14 
3.61e-14 
1.60e-14 
1.75e-13 
9.38e-14 
1.93e-14 
3.12e-13 
8.11e-13 
4.60e-14 
6.14e-15 
9.36e-15 
7.31e-13 
1.04e-14 
2.31e-14 
9.30e-15 
3.98e-13 
2.18e-14 
8.64e-14 
1.61e-14 
2.64e-13 
1.89e-14 
8.76e-14 
1.14e^l4 
1.03e-14 
2.41e-14 
2.24e-14 
2.14e-14 
I.45e-14 
3.95e-14 
2.76e-14 
2.14e-14 
3.20e-14 
2.45e-14 
1.76e-13 
3.66e-14 
3.44e-14 
1.81e-14 
3.67e-14 
4.11e-14 
9.55e-15 
2.48e^l4 
3.54e-14 
4.95e-14 
1.05e-14 
I.98e-14 
6.69e-15 
3.08e-14 
3.51e-14 
2.88e-14 
1.83e-14 



8.0 
5.7 
6.8 
8.4 
10.5 
4.8 
6.8 
8.6 
8.9 
22.8 
11.5 
10.6 
4.9 
4.5 
4.8 
8.7 
8.5 
30.6 
19.6 
15.1 
8.2 
9.4 
14.7 
9.8 
14.0 
11.6 
7.5 
36.4 
28.1 
12.0 
8.9 
5.6 
9.1 
6.0 
20.0 
14.8 
6.9 
27.5 
41.0 
10.5 
3.8 
4.8 
42.4 
4.2 
6.3 
4.1 
26.6 
6.2 
12.4 
5.4 
21.8 
6.1 
13.2 
4.8 
4.5 
7.2 
6.9 
6.7 
5.4 
8.3 
7.6 
6.7 
8.1 
7.1 
19.1 
8.8 
8.4 
5.8 
8.2 
6.7 
6.7 
11.7 
14.0 
16.6 
7.7 
10.6 
6.2 
13.4 
14.2 
12.7 
10.0 



-0.07 
-0.02 
-0.10 
-0.25 

0.12 
-0.00 
-0.17 
-0.01 
-0.05 

0.14 
-0.08 

0.06 

0.26 
-0.04 

-0.17 
0.24 
0.07 
0.13 
0.03 
0.40 

-0.06 

-0.17 
0.09 
0.06 
0.09 
0.26 

-0.05 
0.13 
0.36 

-0.05 
0.38 

-0.03 
0.24 
0.03 

-0.00 
0.09 
0.01 
0.13 

-0.07 

-0.03 

-0.02 
-0.08 
0.27 
0.00 
-0.02 

0.04 

0.05 

0.58 
-0.02 

0.04 
-0.00 
-0.05 
-0.14 

0.41 

0.03 
-0.28 

0.05 
-0.08 

0.13 
-0.01 
-0.17 

0.19 
-0.09 

0.29 
0.45 
0.22 
0.06 
0.06 
0.01 
-0.02 
-0.01 
-0.09 
0.27 
0.10 
-0.08 



Sixm 6.6882 

Si xm 6.7388, 6.7432 

Mgxn 8.4246 

Mgxi 9.3143 

Nex 9.7080, 9.7085, FexK 9.6938 

Nex 10.2396 

Fexvm 11.3260 

Fexvm 11.5270, Neix 11.5440 

Nex 12.1321 

Fexvn 12.2660 

Fexxi 12.3930 

Fexx 12.5760, Fexxi 12.5698 

NixK 12.6560 

Fexxn 12.7540 

Fexx 12.8460, 12.8640 

Fexx 12.9120, 12.9920, Fe xix 12.9330 

Fexix 13.5180, Neix 13.5531 

Fexix 13.7458, 13.7950, Nixix 13.7790, Fexvn 13.8920 

Fexix 13.9549, 13.9551, Fexx 13.9620 

Fexxi 14.0080, Nixix 14.0770 

Fexvm 14.2080 

Fexvm 14.2560, Fexx 14.2670 

Fexvm 14.3730, 14.4250, 14.4392 

Fexvm 14.5340, 14.6011 

Fexvm 14.6884 

O vm 15.1760 
Fexvm 15.4940 



Fexvm 15.8700 

Fexvm 16.0040,0 vm 16.0067 
Fexix 16.1100, Fexvm 16.1590 
Fexvm 16.3200, Fexix 16.3414 

Fexvn 17.0960 

Caxvra 18.6910, Arxvi 18.6960 

O vm 18.9725 
N vn 20.9106 



S XIV 24.2890 
N vn 24.7846 
Ar XVI 24.8540 

C VI 28.4663 



S XIV 30.4690, Caxi 30.4710 



S XIV 32.5750 



C VI 33.7396 

Caxi 35.6340, 35.7370 



(Ovra 18.97, 2""' order) 
S XI 40.2730 



Mg X 44.0500, Si xi 44.0690 
Sixn 44. 1780 



Six 48.6760, 48.7890 

Arix 49.1860, Fe xvn 49.2623 

Fexvn 50.3419 
Fexvi 50.5550 
Six 50.6910 
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Table 5. (cont). Chandra/LETG line fluxes of e Eri' 



Ion 


■^model 


log T'max 


^obs 


C/XT 


ratio 


DienuS 


Si XI 




6.2 


1.98e-14 


7.1 


-0.12 


Si XI 52.2d9U 


Fe XV 


52.91 10 


6.4 


2.24e-14 


7.6 


0.32 




Fe XV 


53.1 100 


6.4 


5.83e-15 


3.9 


0.21 




Fexvi 


54.1420 


6.5 


2.97e-14 


8.8 


0.29 




Fexvi 


34. /2au 


6.5 


4.66e-14 


11.0 


0.19 


Fexvi 54. /6i0 


No id. 


56.9000 




2.61e-14 


11.4 




(Ovm 18.97, 3 order) 


Mgx 


57.8760 


6.1 


3.35e-14 


12.8 


0.09 


Fexvn 57.9119, Mgx 57.9200 


No id. 


58.9500 




1.45e-14 


8.3 






Fe XV 


59.4050 


6.3 


2.19e-14 


10.2 


-0.07 




Fe XVI 


oZ.o ly\) 


6.5 


2.21e-14 


7.2 


-0.20 




Mg X 


63. 1520 


6. 1 


1.03e-14 


4.9 


-0. 10 




Mgx 


63.2950 


6.1 


2.59e-14 


7.8 


0.00 


Mgx 63.3110 


Fexvi 


o3. /i90 


6.5 


5.73e-14 


1 1.6 


-0.10 




Fexv 


OJ.958U 


6.3 


1.13e-14 


5.1 


0.07 




Mgx 


65.6730 


6.1 


9.06e-15 


6.J 


0.07 


JNex 05.044U 


Mgx 


65.8450 


6.1 


1.26e-14 


7.8 


-0.05 


Nevm 65.8940 


Fexvi 


66.2630 


6.5 


1.93e-14 


9.4 


-0.10 




No id. 


66.3200 




1.45e-14 


8.4 




(O vn 22.0977, 3™ order) 


Fexvi 


66.3680 


6.5 


3.60e-14 


13.0 


-0.00 




Fe XV 


69.6490 


6.3 


3.78e-14 


13.5 


-0.25 




Fe XV 


70.0540 


6.3 


1.94e-14 


9.7 


0.24 


re XV 69.9450, 69.9870 


No id. 


71.9090 




1.27e-14 


5.3 




» * 11 A A 1 

Mgix 71.901 


MgDt 


72.3120 


6.0 


l.lOe-14 


4.9 


0.23 




Fexv 


73.4730 


6.3 


2.59e-14 


11.0 


0.00 


Nevm 73 .4750 


No id. 


76.51700 




1.47e-14 


8.1 




Fexvi 76.51 


Nevm 


88.0820 


5.8 


4.25e-14 


12.9 


-0.07 


XT* OO AO'OA OO 1 1 A A 

Nevm 88.0820, 88.1190 


Fe XVIII 


93.9230 


6.8 


6.53e-14 


16.0 


-0.23 




Ne VIII 


98.1150 


5.8 


1.44e-14 


7.2 


-0.01 




Ne VIII 


98.2600 


5.8 


2.59e-14 


9.6 


-0.05 


Ne viu 98.2740 






6.9 


1 03e-14 


6.0 


-0.33 




Fexvm 


103.9370 


6.8 


1.83e-14 


8.0 


-0.30 




Fexix 


108.3700 




1.70e-14 


7.7 






Fexxn 


117.1700 




5.72e-15 


4.5 






Fexx 


121.8300 




4.77e-15 


3.9 






Fexx 


132.8500 




2.94e-14 


8.2 






Ca XII 


141.0380 


6.3 


1.61e-14 


4.8 


-0.27 


Caxu 141.0380 


Fe IX 


171.0730 


5.9 


1.45e-13 


10.8 


0.06 




Fex 


174.5340 


6.0 


7.62e-14 


7.3 


-0.13 





" Line fluxes (in erg cm"' s"') measured in Cliandra/LETG e Eri spectrum, log indicates the maximum temperature (K) of formation of the line (unweighted by the EMD). "Ratio" 
is the log(Fobs/fpred) of the Une. Blends amounting to more than 5% of the total flux for each line are indicated. The lines in the range /i/ll08-133 were excluded from the fit due to 
suspected problems of caUbration. 
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Table 6. Chandra/HETG line fluxes of A And" 



Ion 



''model 



log Tni, 



Fobs S/N ratio Blends 



Ar xvn 
S : 

XVI 



XV 



XVI 

S 
S 
S 
S XV 
Sixrv 
Si XIV 
Mgxn 
Si xin 
Si xin 
No id. 
Si xin 
Mgxn 
Alxm 
Mgxi 
Al XII 
Mgxi 
Alxn 
Fe XXIV 
Fe XXIII 
Fe XXIV 
Mgxn 
Fexxi 
Fe xxn 
Ni XXVI 
No id. 
Mg XI 
Fe XXI 
No id. 
Mgxi 
Nixix 
No id. 
Mgxi 
No id. 
Nixx 
Fe XXI 
Fexix 
Nex 
Nixix 
No id. 
Fexx 
Fexx 
Nex 
Fe XXIV 
Fe XIX 
Fe XXIV 
Fexvn 
Fexix 
Fexxm 
Neix 
Fe XXIV 
No id. 
Fe xvn 
Fe XXIV 
Fexvn 
Nixxn 
Fexvm 
Fexvm 
Fexxiv 
Fe XXIII 
Fe XXII 
Fe XVIII 
Neix 
Fexxm 
Fexxn 
Fexxn 
Nixx 
Fexxn 
Fexxn 
Nex 
Fe xxin 
Fe xxn 
Fe xvn 
Fexxi 
Fexxi 
Nixix 
Fexx 
Fexxi 
Fe XXII 
No id. 
Fexx 



3.9491 
3.9908 
4.7274 
5.0387 
5.0665 
5.1015 
5.2168 
6.1804 
6.5800 
6.6479 
6.6882 
6.7120 
6.7403 
7.1058 
7.1710 
7.4730 
7.7573 
7.8503 
7.8721 
7.9857 
8.3038 
8.3761 
8.4192 
8.5740 
8.9748 
9.0603 
9.1300 
9.1687 
9.1944 
9.2190 
9.2312 
9.2540 
9.2870 
9.3143 
9.3600 
9.3850 
9.4797 
9.6937 
9.7080 
9.9770 
10.0200 
10.0529 
10.1203 
10.2385 
10.6190 
10.6491 
10.6630 
10.7700 
10.8160 
10.9810 
11.0010 
11.0290 
11.1000 
11.1310 
11.1760 
11.2540 
11.3049 
11.3260 
11.4230 
11.4320 
11.4580 
11.4900 
11.5270 
11.5440 
11.7360 
11.7700 
11.8020 
11.8320 
11.9320 
11.9770 
12.1321 
12.1610 
12.2100 
12.2660 
12.2840 
12.3930 
12.4350 
12.4680 
12.4990 
12.7540 
12.8100 
12.8240 



7.3 
7.4 
7.4 
7.2 
7.1 
7.2 
7.2 
7.2 
7.0 
7.0 
7.0 

7.0 
7.0 
7.1 
6.8 
6.9 
6.8 
6.9 
7.3 
7.2 
7.3 
7.0 
7.1 
7.1 
7.4 

6.8 
7.1 

6.8 
6.9 

6.8 

7.0 
7.0 
6.9 
6.8 
6.9 

7.0 
7.0 
6.8 
7.3 
6.9 
7.3 
6.8 
6.9 
7.2 
6.6 
7.3 

6.8 
7.3 
6.8 
7.1 
6.9 
6.9 
7.3 
7.2 
7.1 
6.9 
6.6 
7.2 
7.1 
7.1 
7.0 
7.1 
7.1 
6.8 
7.2 
7.1 
6.8 
7.0 
7.0 
6.9 
7.0 
7.0 
7.1 

7.0 



2.09e-14 
9.47e-15 
1.84e-I4 
4.05e-14 
1.87e-14 
2.37e-14 
2.27e-14 
1.47e-13 
4.39e-15 
1.87e-13 
3.16e-14 
2.42e-15 
1.23e-13 
4.53e-14 
3.22e-14 
1.07e-14 
3.04e-I4 
2.94e-I4 
1.04e-I4 
1.56e-14 
8.09e-15 
5.79e-15 
3.33e-13 
8.48e-15 
1.21e-14 
1.33e-I4 
1.15e-14 
2.03e-13 
1.69e-14 
6.70e-15 
3.27e-14 
7.45e-15 
1.40e-14 
9.75e-14 
1.16e-14 
4.18e-15 
3.71e-14 
1.75e-14 
5.33e-14 
2.34e-14 
1.89e-14 
1.16e-14 
1.31e-14 
1.91e-13 
3.43e-14 
1.34e-14 
2.28e-14 
1.32e-14 
2.17e-14 
3.23e-14 
1.55e-14 
4.17e-14 
6.16e-I5 
1.20e-14 
3.96e-14 
1.89e-14 
9.47e-15 
2.64e-14 
2.48e-14 
2.79e-14 
1.08e-14 
1.30e-I4 
2.62e-14 
3.90e-14 
6.52e-14 
6.53e-14 
1.94e-14 
1.69e-14 
2.00e-14 
2.44e-14 
8.32e-13 
2.79e-14 
2.48e-14 
6.12e-14 
1.60e-13 
3.89e-14 
4.83e-14 
1.52e-14 
4.18e-14 
3.33e-14 
6.88e-14 
1.66e-13 



3.9 
2.7 
3.7 
5.5 
3.7 
4.2 
3.9 

20.4 
4.2 

25.7 

10.5 
3.3 

21.6 

14.1 

12.0 
7.0 

11.4 

11.4 
6.7 
8.7 
6.3 
5.3 

40.2 
5.6 
6.9 
7.7 
7.1 

30.0 
8.6 
5.4 

12.0 
5.7 
7.8 

20.6 
7.1 
4.2 

12.6 
8.5 

14.8 
9.6 
8.6 
6.7 
7.1 

26.9 

11.0 
6.8 
8.9 
6.7 
8.6 

10.3 
7.1 

11.7 
4.4 
6.2 

11.1 
7.6 
5.4 
8.9 
8.4 
8.9 
5.6 
6.1 
8.4 

10.2 

12.9 

13.2 
7.2 
6.7 
7.3 
8.0 

45.9 
8.4 
7.9 

12.3 

19.8 
9.7 

10.7 
6.0 
9.9 
8.6 

12.3 

19.0 



0.00 
-0.13 
-0.09 
-0.05 
0.23 
0.06 
0.01 
0.01 
-0.23 
-0.02 
-0.07 

0.08 
0.01 
-0.01 
0.04 
0.22 
0.01 
-0.12 
0.11 
-0.14 
0.17 
0.06 
-0.01 
-0.06 
-0.02 

0.02 
0.15 

-0.03 
0.29 

0.09 

-0.29 
-0.08 
0.42 
-0.06 
-0.37 

0.03 
-0.18 

0.12 
-0.16 
-0.22 
-0.14 
-0.25 

0.01 
-0.16 
-0.03 
-0.20 

-0.28 
-0.17 
-0.35 
-0.16 
-0.13 
-0.24 
-0.00 
0.06 
-0.19 
-0.06 
0.01 
-0.16 
-0.19 
0.28 
0.08 
0.07 
-0.11 
-0.06 
-0.26 
0.18 
-0.03 
0.01 
0.11 
-0.34 
0.26 
0.21 
-0.04 



S XVI 3.9920, Arxvn 3.9941, 3.9942, S xv 3.9980 
S XVI 4.7328 

S XV 5.0631 

S XV 5.0983, 5.1025 

Si XIV 5.2180 

Si XIV 6.1858 

Fexxiv 6.5772. Mgxn 6.5802 
Si XIII 6.6850 

Mgxn 6.7378, Si xin 6.7432 
Mgxn 7.1069 

Fexxiv 7.1690, Alxm 7.1764 



Alxn 7.8721 
Fexxiv 7.9960 

Fexx 8.3641 
Mgxn 8.4246 

Fe xxn 9.0614, Fe xx 9.0647, 9.0659, 9.0683 



Fexx 9.1882, 9.1979, Mgxi 9.1927, 9.1938 
Nex 9.215 
Mgxi 9.2282 

Nex 9.291 



Nixxvi 9.3853, Nixxv 9.3900, Fexxn 9.3933 

Nex 9.4807, 9.4809 

Fexix 9.6938 

FexK 9.6938, Nex 9.7085 

Nixxv 9.9700, Fexxi 9.9887, Fexx 9.9977, 10.0004, 10.0054 
Naxi 10.0232, 10.0286 

Nixix 10.1100, Fexix 10.1195, Fexvn 10.1210 

Nex 10.2396 

Fexix 10.6295 

Fexix 10.6414 

Fexvn 10.6570 

Neix 10.7650, Fexix 10.7650 



Nixxn 10.9920, 10.9927, Fexix 11.0022 
Fexxm 11.0190, Fexvn 11.0260 

Fexxn 11.1376 
Fexxiv 11.1870 
Fexxiv 11.2680 

Fexvm 11.2930, Fexix 11.2980, Nixxi 11.3180 
Fexxm 11.3360 
Fexxn 11.4270 



Fexvm 11.5740 



Fexxi 11.9750 

Fexvn 12.1240, Nex 12.1375 



Fexxi 12.3940 

Fexxi 12.4220, Fexxn 12.4311, 12.4318 
Fexxi 12.4687 
Fexxi 12.4956 



-0.29 Fexxi 12.8220, Fexx 12.8460, 12.8640 



J. Sanz-Forcada' et al.: Coronal versus photospheric abundances of stars with different activity levels, Online Material p 7 
Table 6. (cont). Chandra/HETG line fluxes of A And" 



Ion 


-^model 


log 


f 


obs 


S/N 


ratio 


Fe XX 


12.9650 


7.0 


9.34e 


14 


14.1 


-0.10 


Fexx 


12.9920 


7.0 


1.56e 


14 


5.7 


-0.19 


Fe XIX 


13.0220 


6.9 


3.26e 


14 


8.2 


0.05 


Fexx 


13.0610 


7.0 


3.61e 


14 


8.7 


0.01 


Fexx 


13.1000 


7.0 


1.35e 


14 


5.2 


-0.05 


Fexx 


13.1530 


7.0 


4.54e 


14 


9.6 


-0.09 


Fexx 


13.2740 


7.0 


5.72e 


14 


10.6 


0.05 


Nixx 


13.3090 


6.9 


3.99e 


14 


8.8 


0.04 


Fexx 


13.3850 


7.0 


4.82e 


14 


9.6 


0.03 


Fexx 


13.4090 


7.0 


2.51e 


14 


6.9 


0.27 


Fexix 


13.4230 


6.9 


4.0 le 


14 


8.7 


0.19 


Ne IX 


13.4473 


6.6 


2.84e 


13 


23.2 


0.02 


Fexxi 


13.5070 


7.0 


9.92e 


14 


13.6 


0.04 


Fexix 


13.5180 


6.9 


9.04e 


14 


13.0 


-0.14 


Fexx 


13.5350 


7.0 


3.75e 


14 


8.3 


0.28 


Ne IX 


13.5531 


6.6 


3.67e 


14 


8.2 


-0.13 


Fexix 


13.6450 


6.9 


3.83e 


14 


8.1 


0.18 


Fexix 


13.6828 


6.9 


5.86e 


14 


10.1 


0.35 


Ne IX 


13.6990 


6.6 


l.lOe 


13 


13.8 


0.06 


Fexix 


13.7950 


6.9 


1.35e 


13 


15.2 


-0.08 


Fe XVII 


13.8250 


6.8 


4.80e 


14 


9.0 


0.02 


Fexix 


13.8390 


6.9 


1.72e 


14 


5.4 


-0.14 


Fexvm 


13.9530 


6.9 


2.93e 


14 


6.7 


-0.08 


Fexxi 


14.0080 


7.0 


2.52e 


14 


6.5 


0.00 


Ni XIX 


14.0430 


6.8 


5.85e 


14 


9.8 


0.24 


Ni XIX 


14.0770 


6.8 


3.17e 


14 


7.2 


0.02 


Fe XVIII 


14.2080 


6.9 


1.80e 


13 


16.9 


-0.18 


Fe XVIII 


14.2560 


6.9 


8.16e 


14 


10.7 


-0.04 


Fexvm 


14.3430 


6.9 


1.89e 


14 


4.8 


-0.29 


Fexvm 


14.3730 


6.9 


6.08e 


14 


8.5 


-0.05 


Fexvm 


14.5340 


6.9 


5.80e 


14 


8.4 


0.06 


Fexvm 


14.5710 


6.9 


7.69e 


15 


3.1 


-0.54 


Fexvm 


14.6011 


6.8 


1.23e 


14 


3.8 


-0.04 


Fexix 


14.6640 


6.9 


4.63e 


14 


7.6 


0.11 


Fexix 


14.7250 


6.9 


1.93e 


14 


5.1 


-0.05 


Fexx 


14.7540 


7.0 


2.21e 


14 


5.7 


0.02 


vm 


14.8205 


6.5 


3.51e 


14 


7.6 


0.20 


Fexx 


14.9703 


7.0 


3.77e 


14 


8.1 


0.11 


Fexvn 


15.0140 


6.7 


2.95e 


13 


22.5 


-0.26 


Fexx 


15.0470 


7.0 


2.25e 


14 


6.2 


0.27 


Fexix 


15.0790 


6.9 


6.87e 


14 


10.8 


0.23 


O vm 


15.1760 


6.5 


6.76e 


14 


10.6 


-0.08 


Fe XIX 


15.1980 


6.9 


5.37e 


14 


9.5 


0.20 


Fe XVII 


15.2610 


6.7 


1.33e 


13 


14.8 


-0.07 


Fe XVII 


15.4530 


6.7 


2.93e 


14 


6.8 


0.23 


Fe XVIII 


15.6250 


6.8 


7.00e 


14 


10.4 


0.03 


Fexvm 


15.8240 


6.8 


5.04e 


14 


8.7 


0.11 


Fexvm 


15.8700 


6.8 


4.68e 


14 


8.3 


0.32 


O vm 


16.0055 


6.5 


2.37e 


13 


18.6 


-0.11 


Fexvm 


16.0710 


6.8 


1.54e 


13 


14.9 


0.25 


Fexix 


16.1100 


6.9 


4.77e 


14 


8.3 


-0.01 


Fe XVIII 


16.1590 


6.8 


1.52e 


14 


4.7 


-0.37 


Fe XVII 


16.2285 


6.7 


8.52e 


15 


3.5 


0.24 


Fe XIX 


16.2830 


6.9 


8.24e 


15 


3.4 


-0.28 


Fe XVIII 


16.3200 


6.8 


1.75e 


14 


5.0 


0.26 


Fexvn 


16.3500 


6.7 


1.57e 


14 


4.7 


0.18 


Fexvn 


16.7800 


6.7 


1.74e 


13 


15.0 


-0.12 


Fexvn 


17.0510 


6.7 


2.41e 


13 


17.4 


-0.01 


Fexvn 


17.0960 


6.7 


2.25e 


13 


16.7 


0.06 


Fexvm 


17.6230 


6.8 


4.68e 


14 


7.1 


-0.08 


VII 


18.6270 


6.3 


l.Ole 


14 


3.1 


-0.31 


Ca XVIII 


18.6910 


6.9 


7.87e 


15 


2.7 


-0.00 


vm 


18.9671 


6.5 


l.OOe 


12 


29.4 


-0.09 


VII 


21.6015 


6.3 


I.30e 


13 


8.2 


0.03 


VII 


21.8036 


6.3 


l.Ole 


14 


2.2 


-0.22 


vn 


22.0977 


6.3 


7.63e 


14 


5.7 


0.05 



Blends 

Fexx 12.9120, Fexix 12.9311, 12.9330, Fe xm 12.9530 

Fexx 13.0240 
Fexx 13.0580 

Fexx 13.1370 

Fexx 13.2240, 13.2241, Fexxn 13.2360, Fexxi 13.2487, Nixx 13.2560, Fexix 13.2658 

Fexx 13.3017, 13.3089, Fexix 13.3191, Fexvm 13.3230, Nixx 13.3236 

Fe XVIII 13.3550, 13.3948 

Fexviii 13.4070 

Fexx 13.4181, Fexxi 13.4308 

Fexix 13.4620 

Fexix 13.4970 



Fexn 13.5510, 13.5540, Fexx 13.5583 
Fexn 13.6481 

Fexix 13.6742, 13.6752, 13.6881, 13.6897 

Fexix 13.7315, 13.7458, 13.7590, Fexx 13.7670, Nixix 13.7790 

Fexx 13.8430 

Fexix 13.9549, 13.9551, Fexx 13.9620 



Fexx 14.2670 



Fexx 14.5617 
Fexvm 14.6006 



Fexvm 14.7260 



Fexix 14.9610 



O vm 15.1765, Fexix 15.1770 



Fexvm 16.0040, O vm 16.0067 



Fexvm 16.1127 



Fexvm 16.2882 



Fexix 16.3414 



Arxvi 18.6240 



O vm 18.9725 



Caxvii 22.1140 



^ Line fluxes (in erg cm s ) measured in Chandra/HETG A And spectra, log T,^^ indicates the maximum temperature (K) of formation of the line (unweighted by the EMD). "Ratio" 
is the log(f obs/f pred) of the line. Blends amounting to more than 5% of the total flux for each Une are indicated. 
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Table 7. XMM/RGS line fluxes of V851 Cen'^ 



Ion 


model 


log 7'max 


F 


obs 


S/N 


ratio 


Si XIII 


6.6480 


7.0 


4.51e- 


■14 


3.1 


-0.00 


Mg Xi! 


8.4192 


7.0 


9.90e- 


■14 


7.8 


0.07 


Mg XI 


9.1687 


6.8 


3.52e- 


14 


4.8 


-0.14 


Mg XI 


9.2312 


6.8 


4.64e- 


■14 


4.1 


0.10 


Fexxi 


9.4797 


7.0 


3.82e- 


14 


4.2 


0.27 


Nex 


9.7080 


6.8 


2.29e- 


■14 


4.1 


-0.20 


No id. 


10.0200 




4.41e- 


■14 


3.0 




Nex 


10.2385 


6.8 


8.14e- 


■14 


7.2 


-0.06 


Fe XXIV 


10.6190 


7.3 


3.80e- 


14 


3.2 


0.02 


Fe XVII 


10.7700 


6.8 


3.44e- 


14 


2.4 


0.09 


Fe XXIII 


11.0190 


7.2 


4.97e- 


14 


3.2 


-0.07 


Fe XXIV 


11.1760 


7.3 


2.64e- 


14 


4.8 


-0.04 


Fexvn 


11.2540 


6.8 


3.45e- 


■14 


2.9 


0.25 


Fexvra 


11.4230 


6.9 


2.20e- 


■14 


2.2 


-0.14 


Fexvm 


11.5270 


6.9 


4.40e- 


■14 


3.8 


0.03 


Fexxn 


11.7700 


7.1 


8.27e- 


14 


6.0 


-0.01 


Nex 


12.1320 


6.8 


4.99e- 


13 


5.9 


0.12 


Fexxi 


12.2840 


7.0 


3.64e- 


14 


3.2 


-0.18 


Ni XIX 


12.4350 


6.9 


3.97e- 


14 


3.5 


-0.17 


Fexx 


12.8240 


7.0 


5.31e- 


14 


5.2 


-0.13 


Fe XX 


12.9650 


7.0 


4.00e- 


14 


4.3 


0.04 


Ne IX 


13.4473 


6.6 


2.01e- 


■13 


13.3 


0.12 


Fexix 


13.5180 


6.9 


5.92e- 


■14 


6.9 


-0.13 


Neix 


13.6990 


6.6 


8.12e- 


■14 


8.5 


0.05 


Fexix 


13.7950 


6.9 


3.81e- 


14 


4.2 


-0.04 


Fexxi 


14.0080 


7.0 


4.8le- 


14 


5.7 


0.07 


Fe XVIII 


14.2080 


6.9 


6.40e- 


14 


6.6 


-0.13 


Fe XVIII 


14.3730 


6.9 


3.16e- 


14 


5.0 


-0.15 


Fe xviii 


14.5340 


6.9 


4.32e- 


14 


4.3 


0.24 


VIII 


14.8205 


6.5 


3.01e- 


14 


4.6 


0.31 


Fe XVII 


15.0140 


6.7 


9.47e- 


14 


10.6 


-0.21 


O vm 


15.1760 


6.5 


5.19e- 


■14 


9.0 


0.18 


Fexvn 


15.2610 


6.7 


2.78e- 


■14 


4.4 


-0.11 


Fexvn 


15.4530 


6.7 


1.56e- 


14 


3.8 


0.25 


Fe XVIII 


15.6250 


6.8 


2.62e- 


14 


4.6 


0.23 


Fe XVIII 


15.8700 


6.8 


2.02e- 


14 


3.7 


0.13 


VIII 


16.0066 


6.5 


1.16e- 


13 


10.3 


-0.07 


Fexvn 


16.7800 


6.7 


3.85e- 


■14 


6.1 


-0.15 


Fexvn 


17.0510 


6.7 


1.02e- 


■13 


7.3 


-0.01 


Fexvm 


17.6230 


6.8 


6.16e- 


■15 


1.7 


-0.34 


O vn 


18.6270 


6.3 


1.83e- 


■14 


4.0 


0.03 


O vm 


18.9671 


6.5 


3.45e- 


■13 


27.5 


-0.08 


Caxvi 


21.4500 


6.7 


3.57e- 


15 


2.2 


-0.02 


vn 


21.6015 


6.3 


3.78e- 


14 


4.2 


-0.08 


vn 


22.0977 


6.3 


1.39e- 


14 


2.2 


-0.26 


Ar XVI 


23.5460 


6.7 


6.92e- 


15 


1.4 


0.09 


N vn 


24.7792 


6.3 


3.26e- 


■14 


7.4 


0.00 


At XVI 


24.9910 


6.7 


4.30e- 


■15 


1.4 


-0.08 


C VI 


26.9896 


6.2 


2.70e- 


■15 


1.2 


0.30 


C VI 


28.4652 


6.2 


2.35e- 


15 


1.8 


-0.21 


C VI 


.?3.7.U2 


6.1 


2.l{)e- 


■14 


4.6 


-0.01 



Blends 

Si XIII 6.6882, 6.7403, Mgxn 6.7378 
Mg XII 8.4246 

Mg XI 9.3 143, Ni xxv 9.3400 
Nex 9.4807, 9.4809 
Nex 9.7085 
Naxi 10.0232, 10.0286 
Nex 10.2396 

Fexix 10.6414, 10.6491, Fexvn 10.6570, Fexxiv 10.6630 
Nixxm 10.7214, 10.8491, Neix 10.7650, Fe xix 10.8160 
Fexxm 10.9810, Neix 1 1.0010, Fe xxiv 11.0290 
Fexvn 1 1. 1310, Fe xxiv 11.1870 

Nixxn 11.2118, Fexxiv 11.2680, Fexxm 11.2850, Nixxi 11.2908 

Fexxn 11.4270, Fexxw 11.4320, Fexxm 11.4580 

Fexxn 11.4900, Nixix 11.5390, Neix 11.5440 

Fexxm 11.7360 

Nex 12.1321 

Fexvn 12.2660 

Fexxi 12.3930, 12.4220, 12.4990 
Fexxi 12.8220, Fexx 12.8460, 12.8640 

Fexx 12.9120, 12.9920, 13.0240,FexK 12.9330, 13.0220, Fexxn 12.9530 

FexDt 13.4970, Fexxi 13.5070, Neix 13.5531 
FexK 13.6450, 13.7315, 13.7458 

Fexx 13.7670, Nixix 13.7790, Fe xvn 13.8250 
Nixix 14.0430, 14.0770 

Fexvm 14.2080, Fexvm 14.2560, Fexx 14.2670 

Fexx 14.3318, Fexvm 14.3430, Fe xvin 14.3430, Fexx 14.4207, Fe xvm 14.4250, Fe xvm 14.4392 
Fexvm 14.4856, Fexvm 14.5056, Fexvm 14.5710, Fexvm 14.6011 
Fexvm 14.7820, O vm 14.8207, Fexx 14.8276 
Fexix 15.0790 

O vm 15.1765, Fexix 15.1980 

Fexix 15.4136, Fexvm 15.4940, Fexx 15.5170, Fexvm 15.5199 
Fexvm 15.8240 

Fexvm 16.0040, O vm 16.0055, Fexvra 16.0710, Fexix 16.1100, Fexvra 16.1590 

Fexvn 17.0960 

Caxvra 18.6910 

O vra 18.9725 

Caxvi 21.4410 

Caxvi 21.6100 

Caxvn 22.1140 

Arxvi 23.5900, Caxvi 23.6260 

N vn 24.7846, Arxvi 24.8540 

Arxvi 24.9910, Arxvi 25.0130, Arxv 25.0500 

C VI 26.9901 

C VI 28.4663 

C VI 33.7396 



^ Line fluxes (in erg cm ^ s" 
EMD). "Ratio" is the log(Fob 



') measured in XMM/RCi 
/Fpred) of tile line. Blends 



S V851 Cen summed spectra, log indicates the maximum temperature (K) of formation of the line (tinweighted by the 
amounting to more than 5% of the total flux for each line are indicated. 



